Introduction
Seeds of high lipid content metabolize most of their stored lipids within a week after the start of germination. The sequence of events from oxidation of the fatty acids from the acyl CoA derivatives through the net synthesis of carbohydrates has been well described (2, 3, 10, 18) . The first step of lipid metabolism, the removal of acyl groups from the triglycerides, depends on a lipase which either preexists in the resting seed as active enzyme or precursor, or is synthesized upon germination. The free fatty acids thus produced are activated in the presence of ATP and transferred to the CoA derivatives.
As part of a study of the mobilization of lipids in oilseeds, we were interested in the nature of the lipases in several different oilseeds. There is confusion in the literature on the types of lipases which exist in the resting state and which develop on germination. Castor bean endosperm contains an acid lipase with a pH optimum at 4.3 (13, 14) . It has been stated that a second lipase develops in castor bean on germination which has a pH optimum at neutrality (20) . A lipase was reported in germinating cottonseed with a pH optimum range of 7 to 8 (12) . There has been a -report of an acid lipase in the germinating peanut (15) . We therefore selected castor bean, Ricinus communis, cottonseed, Gossypium hirsutum, and peanut, Arachis hypogaea, as the 3 seeds to be germinated for study of the lipases. To avoid erroneous conclusions arising from use of artificial substrates, we studied these enzymes on their endogenous substrates.
A second point about the mobilization of seeds is the control of the lipolysis reaction. Is this uncontrolled and therefore can there be an accumulation of free fatty acids (FFA) in the seed, or is the formation of free fatty acid tied to other metabolic steps so that there is no accumulation of this intermediate?
Here again there are contradictory reports in the literature (8, 11, 18, 20) . It could be that lipase activity released on grinding the seed for analysis of the lipids is responsible for the FFA observed. We, therefore, undertook a further study of the FFA in germinating castor beans under conditions designed to minimize lipolysis after disruption of the cell.
The results of these investigations would seem to indicate that there exists a class of acid lipases in 3 entirely different seeds. Moreover, it would seem that any FFA observed in seeds during germination is either an artifact of the grinding procedure or may be the result of activity of exogenous lipases brought on by microbial growth.
Materials and Methods
Castor beans (Cimmaron), cottonseeds (Acala glandless), and peanuts (Virginia 56R), lightly dusted with the fungicide Spergon3 were placed between 2 layers of vermiculite in aluminum pans, thoroughly soaked with distilled water, and allowed to germinate in the dark at 30°. At the end of the germination period, the endosperm, the enclosed cotyledons, and the epicotyl of the castor seedlings were ground at 40 in a mortar for approximately 45 seconds with 4 times their weight of 0.02 M potassium phosphate buffer containing 0.3 M KCI. The cotyledons of the cotton and peanut seedlings were ground in an Omnimix in 4 volumes of 0.1 M potassium phosphate buffer. The pH of the grinding medium was varied to attain the range of pH requirements.
Lipase activity was determined on the homogenate, which was allowed to incubate at 250 for 30 minutes, then 3 ml duplicate aliquots were analyzed for fatty acid content. Lipase activity is reported as the increase in free fatty acids in the macerate in the 30-minute period.
Free fatty acids were determined by the double extraction method of Dole and Meinertz (7) . This procedure provided a convenient 2-phase system for the extraction of long-chain fatty acids. First the homogenate was passed through 4 layers of cheesecloth, a 4 ml aliquot was then pipetted into 20 ml of the extraction medium (isopropanol, heptane, and 1 N sulfuric acid, 4: 1: .2, respectively). The heptane phase containing the free fatty acids was then reextracted with an acidic aqueous solution; consequently, the short-chain fatty acids and all water-soluble acids are removed from the heptane phase. Duplicate 3 ml aliquots of the first and second extraction were removed and titrated with 0.1 N NaOH in 90 % methanol under constant bubbling with nitrogen to prevent the 2 phases from separating as well as to keep the system free of CO2. The endpoint was the appearance of a yellow to green color change of the thymol blue indicator solution.
Total neutral lipid content in the castor bean was determined by the AOCS method Ae3-52 with nhexane as the solvent (1). 3 Use of a company name and/or product does not imply approval or recommendation of the product to the exclusion of others which may also be suitable. -0-, castor bean, pH range 5.5 to 6.1; -O-, castor bean with (pCMB), pH range 7.1 to 8.1. pCMB was added to the buffer prior to maceration; -X-, cottonseed, pH range 5.6 to 6.1; -A-, peanut, pH range 5.8 to 6.2.
Results
Lipase Activity in Seedlings. The storage organs and associated tissues of the 3 seeds develop lipase activity on germination; lipolysis was measured at the pH assumed by the macerate in the presence of KCI. For the castor bean and the cottonseed the maximum of lipase activity is at approximately 3 to 4 days of germination, as shown in figure 1 . The decline in activity past this point on continued germination might be attributed to the reduction in substrate or in enzyme or of both. At at a relatively slow rate thereafter. We would be inclined to think that the reduction in activity is more a result of loss in enzyme activity than in reduction of substrate.
The curve for development of activity in the peanut shows 2 maxima: the first at approximately 7 days, and the second, a much higher one, at 13 days (fig 1) . In the later stages of germination, the seedlings were visibly moldy; it could be suspected that the second lipase activity was from exogenous mold sources. Therefore, only the early lipase developing within the first 7 days was studied further.
The pH optimum for the 3 lipase activities on their endogenous substrate is shown in figure 3 . It is clear that in all 3 seeds the lipase has an acid pH optimum between 4 and 5.
The and in cotton seedlings, and peanut (B). -O-, castor bean, pH range 5.5 to 6.1; -* -, castor bean, pH range 6.6 to 7.1; ..c7.. castor bean pH range 7.1 to 8.1. pCMB was added to the buffer prior to maceration; -X-, cottonseed, pH range 5.6 to 6.1; -A-, peanut, pH range 5.8 to 6.2.
value of 0.35 ,umole per seedling when the maceration is in the presence of p-chloromercuribenzoate (pCMIB) at pH 7-8. In most instances the initial FFA content follows the same change as the germination curve of figure 1 and would reflect the activity of the enzyme during maceration.
We have already pointed out the abnormality of the peanut in that it showed 2 peaks of maximum activity on germination. This is further illustrated by the initial FFA content of the peanut macerate which continues to rise with length of germination to a high value of 2 fimoles per seedling.
Discussion
We have failed to confirm the findings of other investigators of the development of a neutral lipase in germinating castor bean (20) and cottonseed (12) . From our observation we are inclined to believe that in the tissues investigated there is only 1 pH optimum for lipase activity. Ramakrishman and Banerjee (15) investigated the lipases in germinating peanuts and castor beans as well as those of the molds grown on these seeds. They show an acid pH maximum for the lipases of the seed, 4.8 for the castor seed and 5.2 for the peanut. The lipases of the organisms isolated from the seed have activity maxima in the range of pH 6.2 to 7.2. The adventitious growth of these molds, sometimes not visible to the eye, might be responsible for some of the recorded observations of neutral lipases.
There seems to be a class of acid lipases in at least 4 different seeds, lettuce seed, (16) in addition to the 3 above-mentioned; these may turn out to be related proteins.
The FFA pool in seeds is low when care is taken to prevent enzymolysis during the period of maceration. This is clear from the data presented here where control of enzyme activity was achieved by raising the pH and by adding pCMB. White (19) , and Crombie and Comber (6) accomplished the same purpose by boiling the seed before maceration. Ching (4) also shows a low FFA in Douglas fir seeds; in this instance it apparently was not necessary to destroy activity before maceration. Where there is high FFA in the seed before germination or where it accumulates in the germinating seed one might well suspect an exogenous microorganism source of lipase (5, 9) .
The failure of FFA to accumulate in germinating seeds could be accounted for by their removal by the fatty acid oxidation system as they are formed by lipolysis. Even though cell-free systems for the oxidation of fatty acids have been prepared from germinating seeds (17) , the concentration of mitochondria and of the large number of cofactors required would not be optimal to remove the fatty acids as rapidly as they become available. Another possibility, not necessarily independent of the first, is that free fatty acids inhibit lipase activity in the intact seed. Any such control of lipolysis by product inhibition, however, is destroyed by maceration. A consideration most likely involved in the control of lipolysis is the subcellular location of the lipase in relation to the other components of the lipid mobilization system: mitochondria, cofactors, and substrate. This location remains to be determined.
Summary
Lipolytic activity with an optimum between pH 4-5 was observed in the macerates of tissues from castor beans, peanuts, and cottonseeds germinated 4, 7, and 3 days, respectively. p-Chloromercuribenzoate inhibited lipolysis in the castor seedlings. The peanut exhibited 2 maxima of lipolytic activity as germination progressed: 7 days and 13 days. The activity found past the seventh day of germination was attributed to the development of mold.
Under conditions designed to minimize lipolysis during maceration, the long-chain free fatty acid content in the different species tested was less than 0.35 ,tmole per seedling. This value began to increase in the peanut as that seedling germinated past the eighth day. It is concluded that the free fatty acid pool in germinating seeds is very small. In those instances where substantial amounts have been observed, this could be either an artifact of the conditions of maceration or due to mold growth.
